Abstract: The outdoor service robot, which we call OSR-02, is presently under development intended for cleaning up urban areas by means of collecting discarded trash such as plastic bottles, cans, plastic bags and so on. Additionally, we have developed a novel sensor system for the achievement of the task by this robot; it is constructed with LRF (Laser Rnagefinder), two cameras, and three stepping motors. In this paper, we describe the sensor system and its applications.
INTRODUCTION
The outdoor service robot, which we call OSR-02 -( Fig. 1 ( 1 1) where, M = {ml, ,Ml}!$ = {nl= , ,N} are width and height indexes of pixel on an image. Hence, the measurement data points of the LRF are mapped into the left camera screen pixels by Eqn. (9), (10), (11).
The measurement data between devices is mutually mapped by the above relational expressions.
Target detection and measurement
The detection and the tracking of the target object by the camera image processing are influenced easily from the change in ambient light while it is comparatively high-speed executable. The calculation cost for the measurement and the detection of the object by the LRF is comparatively high, however, the measurement is robust under the influence of ambient light. Therefore, the sensor system with the cameras and the LRF can execute various types of measurement robust to the change of the environment. For example, the measurement data sets of each device are combined to complement each other for high accuracy detection and measurement. Otherwise, a limited measurement for fast computation is possible by only one device. In this research, we employ the image processing method for detection and tracking of the object developed on the assumption of installing in the robot. For fast computation in this image processing, we employ the eigen space method for pattern matching [1] and the CAMSHIFT algorithm [2] for target tracking (see [3] for detail). Moreover, we employ the PSF (Plane Segment Finder) method, which appears below, to analyze of the range data. The flowchart of an application of the sensor system is shown in Fig. 4 . In this application, at first, a target object is detected and tracked by camera image processing, and after that, the range data of the object obtained by rotating the LRF is analyzed. By a such measurement flow, the object detection is quickly achieved by the camera image processing, and the analysis in detail of the target object is done by using the LRF data not influenced easily from an environmental change.
RANGE DATA EXTRACTION
It is necessary to extract the data set of the target object from the measurement data set for the analysis of the object. Therefore, in this research, we employ the PSF (Plane Segment Finder) method [4] J) be the measurement points (Fig. 5) .
Next, Oij ( < Oij < 1) and Oij( < ij < w) (Fig. 6 
EXPERIMENT
We conducted the experiment that detected and measured a plastic bottle by the sensor system and evaluated the system.
Target detection and tracking by image processing
A plastic bottle was put in front of the sensor system, and the detection and the measurement sequences of the sensor system were evaluated. The example of the result of the camera image processing is shown in Fig. 7 . We see from that the motors of the sensor system were controlled appropriately to track the object detected by the camera image processing. Moreover, it was confirmed that the distance to the object, the position, and posture information etc. of the target object were calculated in real time (30 [fps] ). Fig. 8 shows the measurement range data of the target object. As the figure indicates, only the surrounding of the target is measured in high density by the rolling of the LRF. Next, to extract and remove the floor surface from this measurement data, the above mentioned PSF method was applied to this data according to the following procedures. At first, we set s = 2 and calculate normal vectors nij ( Fig. 9(a) ). We see from this figure that the normal vectors were distributed around nij = (0, 1.0, O)T but the specification of the peak of the distribution is difficult. Next, the values of (%ij, oij, pij) in Hough space were calculated from these normal vectors, and they plotted in the graph shown in Fig. 9(b) . Here, the values of -200 Fig. 8 The range data set of the detected plastic bottle. pij were obtained by the following expression. Pij = (xij cos Oij + yij sin Oij) cos Lij + zij sin bij (18) Since the variance of pij caused by the measurement noise were large relatively, it is also difficult to specify the peak of the plot point from this graph. Therefore, the values of (%ij, 7ij) were normalized and mapped into 0-q space and two dimension histogram of 36 x 36 division was generated (Fig. 9(c) ). It is found that the peak exists at (90, 0) from this figure. Next, we set (0', 0') = (90, 0), the values p'j were calculated as shown in Eqn. (18), and separate the range data based on the threshold p'j > 300
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[mm]. This threshold value was set referring to local minimum value of the distribution. The separated range data of the floor surface is shown in Fig. 11(a) , and the left range data is shown in Fig. 11(b) . We see from these results that the floor surface was separated from the measurement range data set, and the target object was able to be extracted. However, we also see from Fig. 11(b) that the other range data points were left around the data of the target, and the elimination of these data points is a future work. Moreover, the object recognition of the target that uses the extracted range data set is a future work.
CONCLUDING REMARKS
In this research, the novel sensor system and its applications for the mobile robot has been proposed and 2690 r., constructed, and its effectiveness is shown by the experiments. Various processing by correspondence the measurement data of the camera and the LRF installed into the sensor system as shown in this paper is possible, and it is developing now.
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